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THE EFFECTS OF USING SODIUM SILICATE AND BORATE IN THE 
PEROXIDE BLEACHING OF MECHANICAL PULP 
Corey A. Bishop 
Western Michigan University, 1998 
In the peroxide bleaching process, sodium silicate is currently 
being used to control metal ions present in the pulp; these metal ions 
catalyze the decomposition of hydrogen peroxide, reducing the efficiency 
of the process. However, the addition of sodium silicate can cause 
scaling and fouling of equipment, wires, and felts . This, in turn, causes 
expensive downtime for scale removal. This experimental work involved 
replacing sodium silicate with a non-scale forming borate . This study 
determined if borate can replace silicate as a stabilizer in the peroxide 
bleaching process with equivalent bleach response. Rates of bleaching 
reactions were also determined in various cases. 
Borate was found to produce a lower brightness gain, slower rate of 
reaction, and lower percent peroxide in the residual in comparison to 
sodium silicate. It was concluded that borate produced a smaller degree 
of brightness reversion in comparison to sodium silicate. 
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More and more pulp mills are moving to hydrogen peroxide 
bleaching processes that include sodium silicate because the process has 
proven to be a readily accessible, non-polluting, and low capital option to 
the pulp industry. With more mills adding peroxide to their bleaching 
sequences, sodium silicate has become more common and more important 
in the chemical mix to extend peroxide life and effectiveness. However, 
when sodium silicate is involved in the process, formation of silicate scale 
can sometimes be a problem. This scale occurs when silicate begins to 
polymerize with magnesium forming larger molecules that eventually drop 
out of solution and stick to metal surfaces (1). The removal of this scale is 
estimated to cost up to $20,000 per hour and can take as long as a few 
days, especially on heat transfer devices. The scale is most likely to occur 
in bleach liquor make up systems, bleach liquor feed lines, refiners, and 
bleached pulp dewatering presses (2). 
In this study, a non-scale forming borate will replace sodium silicate 
as a stabilizer in the peroxide bleaching process. Borate was chosen as a 
replacement for sodium silicate because it has been known to have 
sequestering ability towards metal ions (3), offer some advantages in 
terms of yield and pulp properties (4), and have the ability to replace 
sodium silicate without a loss of alkalinity (3). 
sodium silicate without a loss of alkalinity (3). 
This experimental work will determine how the addition of silicate 
and borate to the peroxide bleaching process improves the bleaching 
properties. Three different bleaching trials will be conducted in the 
bleaching of mechanical pulp on a laboratory scale. One will use peroxide 
with sodium silicate added, one will use just peroxide, and the third one 
will use peroxide with borate added. The parameters such as the nature 
of the pulp, chemical application, temperature, retention time, pH, 
bleaching sequence and consistency will remain constant throughout the 
bleaching trials. 
The bleaching properties of the three runs will be compared based 
on the amount of peroxide consumed in the process, and the rate of 
reaction (the rate at which peroxide bleaches the pulp) in the bleaching 
process. The amount of peroxide consumed in the process will be 
determined by the amount of residual peroxide found in the end of the 
experiment. The rate of reaction in the bleaching process will be 
determined by exposing the pulp to the bleaching chemicals for different 
time intervals. The three trials will be conducted for 30, 60, 90, 120, 150, 
and 180 minute dwell times with the bleaching chemicals. Handsheets 
will be made from each dwell time of the bleached pulp on the British 
handsheet maker and tested for brightness, opacity, and l,a, b values. The 
data will then be compiled and the 3 runs from each dwell time will be 
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compared to determine which process has a quicker bleaching reaction 
time and which process consumes more peroxide. 
This thesis will determine how adding silicate and borate in certain 
proportions to the peroxide bleaching process affect the bleaching 
reactions and final properties of the finished handsheet by comparing the 
rate of reaction, % peroxide consumed and brightness reversion of the 
three trials. It will be beneficial to know which of the chemicals proves to 
be a better additive in the peroxide bleaching process. If borate proves to 
be an adequate replacement for sodium silicate, it could eliminate high 





Peroxides are used in pulp bleaching processes to provide 
substantial brightness gains for high yield pulps as well as moderate 
brightness gains with chemical pulps. The employment of peroxide in 
these systems results in good brightness stability with small pulp yield 
losses (1) . 
Hydrogen peroxide is practically the only bleaching chemical with 
oxidative properties applied for lignin-preserving bleaching. Hydrogen 
peroxide is a weak acid and the active bleaching species is the 
nucleophilic peroxide anion (HO2-) which attacks carbonyl structures and 
converts them to less chromophoric systems without an extensive 
degradation and dissolution of lignin (2). 
Peroxide Bleaching Chemistry 
For conventional bleaching of pulp with hydrogen peroxide, an 
alkaline pH is required in which the perhydroxy ion (HOO-) is formed 
according to the following equation: 
H2O2 + OH- HOO- + H2O 
4 
[1] 
The temperature during refiner bleaching usually exceeds 100°C, 
depending on the pressure of operation. This can lead to increased rates 
of thermal decomposition of hydrogen peroxide to form water and 
hydrogen: 
[2] 
Reaction equation [2] is irreversible and occurs under excessive 
concentrations of alkalinity. It is catalyzed by the presence of transition 
metal ions such as iron, copper, and manganese. Sometimes hydroxyl 
radicals are formed which attack both the lignin and the holocellulose. 
To maximize the concentration of the perhydroxyl anions, reaction 
equation [1] must be driven to the right. Logic says increasing the amount 
of alkalinity and the amount of hydrogen peroxide will achieve this. But 
increasing the amount of alkalinity will cause an increase in chromophore 
formation and peroxide decomposition. It will also take the pH outside of 
the region considered as the most favorable. Increasing the amount of 
hydrogen peroxide will drive reaction equation [ 1] to the right. It has been 
shown that an increase in hydrogen peroxide charge results in an increase 
in hydrogen peroxide consumption and in brightness. 
To utilize alkaline hydrogen peroxide as an effective brightness 
lignin-retaining bleaching agent, precautions should be taken to minimize 
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peroxide decomposition. In conventional bleaching sequences, 
decomposition of hydrogen peroxide can be controlled by: 
• Using mild alkaline bleaching conditions. 
• Stabilizing the hydrogen peroxide (by the addition of magnesium 
sulfate and sodium silicate). 
• Removing transition metals from the pulp (by pretreatment with 
an acid or chelating agent). 
Factors Jiffecting Brightness 
Hydrogen Peroxide Charge 
The response of a high yield pulp to peroxide depends on a variety of 
factors. These include wood species, the condition of the wood, pulping 
process, bleaching conditions, and the presence of transition metal ions. 
As such, it is difficult to make generalizations about the relationship 
between peroxide charge and brightness increment without partially 
defining the conditions. 
For most pulps with initial brightness values in the 50 - 60 % range, 
when bleached at medium consistency (10 - 15 %), brightness increments 
of 10 - 18 points are achieved with peroxide application of 1 - 3 % based 
on oven-dry pulp weight. Higher peroxide charges produce increments in 
the 25 - 30 point range, depending on wood species. With a few 
6 
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exceptions, an increase in peroxide charge results in an increase in 
peroxide consumption and brightness (2). 
Time and Temperature 
Temperature affects the rate of bleaching but not the stoichiometry. 
This effect, increasing bleaching rate with temperature, may also result 
from the equilibrium for hydrogen peroxide and water (reaction equation 
[ 1]), being shifted to the right. This increases the concentration of the 
perhydroxyl anion. The down side of increasing the temperature with 
hopes of achieving higher brightness, is that a higher temperature 
enhances peroxide decomposition (reaction equatin [2]). The optimum 
bleaching temperature thus usually lies in the range of 40-70°C, with 
retention time of up to two hours (6). 
Consistency 
Experience has shown that higher consistency improves the 
bleaching effectiveness. In one experiment, for example, a spruce/fir TMP 
bleached at 30 % consistency in plant trials attained the same brightness 
with half the peroxide and alkali consumption as it did with half the 
peroxide and alkali consumption as it did at 12 - 20 % consistency. By 
further increasing the consistency to 35 - 40 %, an additional brightness 
7 
gain of 4 - 5 % was obtained as compared to a spruce/fir TMP bleached 
with peroxide at 25 % consistency (2). 
An explanation for the improved bleaching efficiency observed at 
higher consistency is that a major part of the peroxide is inside the fiber 
walls and readily available for bleaching reactions. As a result, less 
peroxide is consumed in the non-bleaching reaction that takes place in 
the bleaching liquor. A second possibility could be that at higher 
consistencies the peroxide concentration is also higher, with the result 
that the bleaching reactions compare favorably with alkali-promoted color-
forming reactions. The increased peroxide concentration that 
accompanies higher consistency bleaching enhances the rate of 
brightening. 
Alkalinity 
The importance of alkalinity as a factor that influences brightness in 
peroxide bleaching has been widely recognized. When properly adjusted, 
the total alkalinity of the bleach liquor should be high enough to ensure 
an adequate supply of perhydroxyl anions throughout the course of the 
bleaching process as dictated in reaction equation [ 1]. A report by Martin 
(21) has shown that, at pH 10. 5, less than 10 % of the hydrogen peroxide 
is present as the perhydroxyl ion. Higher pH values favor the equilibrium 
toward perhydroxy ion; however, the alkalinity must be low enough to 
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minimize peroxide decomposition and chromophore forming reactions that 
are prone to occur at a higher pH. Research reports have shown that, at a 
given peroxide charge, increases in alkalinity have a beneficial effect on 
brightness up to a certain limit. Further addition of alkali, reverses the 
trend (1). 
Magnesium Sulfate 
The non-selective removal of metals in an acid-wash stage produces 
a pulp that upon bleaching with hydrogen peroxide, has a lower 
brightness and viscosity. The peroxide residual is also lower as a result of 
the removal of magnesium ion in the acid wash step. Magnesium, usually 
as magnesium sulfate (MgSQ4), can be re-applied to the pulp to restore the 
appropriate metal profile. 
Studies have shown that a Mg/Mn ratio of over 30 is needed for 
effective hydrogen peroxide bleaching under normal temperature 
conditions(= 90°C). When the hydrogen peroxide stage is conducted at a 
higher temperature (e.g., 120°C) and under high pressure, the Mg/Mn 
ratio must be even higher(> 100). In addition, the manganese level must 
be less that 2 ppm to achieve the benefits of the accelerated pulp 
bleaching reactions (2). 
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Sodium Silicate and Chelants 
In the presence of many materials, especially compounds from 
heavy metals such as manganese, iron, or copper, hydrogen peroxide is 
catalytically decomposed. These metals can be introduced to the system 
via the wood, water, or other added chemicals. Wood from many 
geographic regions can contain more than 100 ppm of manganese, which 
is sufficient to cause significant decomposition of hydrogen peroxide in a 
bleaching system. 
Because substances present in mechanical pulps catalyze the 
decomposition of hydrogen peroxide, materials are included in the 
bleaching system that function as hydrogen peroxide stabilizers. Sodium 
silicate has historically been used as an effective stabilizer, having the 
attraction of being inexpensive while also functioning as a source of alkali 
and a pH buffer. 
Sodium silicate has proven to be an essential component in the 
peroxide bleaching of mechanical pulps. The silicate complexes the 
transition metals through oxygen or hydroxyl bridges (2). The formation of 
the complex changes the catalytic activity of the transition metal and its 
ability to decompose peroxide. Despite a previous chelation stage, metals 
may be released from the pulp during hydrogen peroxide bleaching and 
addition of silicate to the bleaching liquor can decrease the negative 
impact of these metals on bleaching performance. 
IO 
Although silicate is a useful stabilizer, it has the undesirable effect 
of causing scaling on refiner plates. Several procedures have been tried to 
reduce this problem. The most common step taken in trying to reduce 
this problem includes pretreating the chips in the bleaching system prior 
to refining or running the refiner system in fairly short intervals, 
alternately with and without peroxide bleaching. However, scaling seems 
inherent with the use of sodium silicate. 
Another method used to reduce the impact of these metals on final 
pulp brightness include the use of chelating or sequestering agents such 
as EDTA (ethylenediamine tetra-acetate) and DTPA (diethylenetriamine 
penta-acetate). The pretreatment of mechanical pulp with a chelating 
agent has been shown by studies to lower the metal-ion content and 
increase brightness response. 
Considerable work has been done to find alternatives to sodium 
silicate as a stabilizer when bleaching with hydrogen peroxide in a refiner 
system. Allison and Lunan et al., reported that none of the several 
organic chelants tried, including those mentioned above, were as good as 
those obtained with sodium silicate (1). 
Borate 
Borates are used in hundreds of products and processes in ways 
that touch the lives of almost everyone. Borates today play important 
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roles in everything from cookware and medicine to nuclear waste storage 
and space exploration. Major uses include glass production, detergent 
preparations, agricultural applications and enamel and ceramic glazes. 
This large diversity of uses result from the multiple properties of 
borates which include buffering, neutron absorption, ester formation, and 
enzyme stabilization (7). Also results from past studies have shown that 
borates may offer some advantages in terms of yield and pulp properties 
when used in kraft pulping. Studies have also been carried out to 
determine the effect of borate in semichemical pulping (4). Because of 
these diverse properties, new applications for borates continue to be 
discovered, indicating that their untapped potential remains vast. 
In this particular study, borate was selected to replace silicate as a 
stabilizer in the peroxide bleaching process. Borate was selected for the 
following reasons: 
• Borate has shown from previous studies to offer some 
advantages in terms of yield and pulp properties when used in 
kraft pulping (7). 
• Borate shows properties similar to silicate. For instance, silicate 
and borate are both used as buffering agents. This allows for 
direct substitution of borate into the system without a loss of 
alkalinity. 
• Borates are reported to have some sequestering ability towards 
metal ions ( 11). 
• Borates do not form scales, unlike silicates. 
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CHAPTER III 
PROBLEM STATEMENT AND OBJECTIVES 
Because it is relatively inexpensive, sodium silicate has long been 
used in pulp bleaching processes to stabilize the hydrogen peroxide. 
Despite its extensive use, however, sodium silicate has two inherent 
drawbacks. First, it can be difficult to handle in cold weather, and 
secondly, sodium silicate can react with calcium and magnesium ions in 
wood and water to form insoluble salts. 
While the first drawback may be little more than a nuisance at 
times, the second is particularly serious. Insoluble salts can deposit on 
refiner plates, piping, fluffer mixer surfaces, and other system components 
- leading to scaling, fouling, and the need for mill shutdowns for 
equipment cleaning. Scaling problems are magnified in mills where 
effluent and bleach liquors are recycled. Regardless of where they occur, 
scaling problems ultimately affect bleaching performance and costs, and 
the overall economics. 
Silicate can also cause problems when pulp is made into paper. For 
example, silicate can coat fibers, changing their absorption properties. 
Anionic silicate particles can react with cationic retention aids, preventing 
the retention of fines and fillers. As the side effects of silicate use in pulp 
for high quality paper products become more apparent, papermakers' 
13 
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demand for silicate-free pulp should increase (8). 
The goal of this research study is to determine if borate can replace 
silicate as a stabilizer in the peroxide bleaching process with equivalent 
bleach response. 
The objectives of this research are: 
1. To find out which bleaching additive gives the best optical 
properties. 
2. To compare the rate of bleaching reactions of the different 
additives. 
3. To compare the amount of residual peroxide at the end of the 
bleaching runs. 
4. To determine which bleaching additive results in a lower 




This project was done on a laboratory scale and the bleaching was 
performed in air tight bags. The experiment was divided into sections and 
can be summarized as follows: 
• Materials gathering 
• Pulp preparation 
• Bleaching / Washing 
• Detemining the optimum borate addition conditions 
• Residual Peroxide determination 
• Handsheet forming 
• Testing 
Materials gathering: 
The materials required for this experiment included: mechanical 
pulp, hydrogen peroxide, sodium silicate, magnesium sulfate, sodium 
hydroxide, borate (Sodium Tetraborate Pentahydrate) and 
diethylenetriaminepentacetic acid (DTPA) . All chemicals received for this 
project were provided free of charge. The pulp (CTMP), hydrogen peroxide, 
sodium silicate, and sodium hydroxide were available at Western Michigan 
University, the borate was donated by U.S. Borax, and the magnesium 
15 
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sulfate was donated by Crown Vantage. 
Pulp preparation: 
The first step was to pre-wash the pulp before bleaching. Distilled 
water weighing 100 times that of the dry pulp was used for washing. Any 
gross contaminents such as bark and dirt should have been removed at 
this time. 
After diluting the pulp to about 1.5% consistency, .5 % DTPA (based 
on dry fiber weight) was added to the pulp solution as a chelating agent. 
After adding the DTPA, the solution of pulp, water and DTPA was 
thoroughly mixed for five minutes. Then the pulp was allowed to stand for 
thirty minutes to insure complete reaction of the chelating agent. For the 
chelation process the pH was adjusted to an acidic value. After chelation, 
the pulp was re-thickened to a 12 % consistency mat and rinsed until the 
rinse water was clear. 
Bleaching / washing: 
The bleaching portion of the experiment was held under constant 
conditions. The order and quantity in which chemicals were added to 
make up the Bleach liquor are as follows: (1) Magnesium sulfate (.5 % 
based on O.D. fiber weight), (2) The stabilizer: For run #1 = sodium 
silicate (5 % O.D. fiber weight), run# 2 = nothing, run# 3 = borate (5 % 
17 
O.D. fiber weight). (3) Sodium hydroxide (3 % based on O.D. weight) (4) 
Lastly, peroxide (3 % O.D. fiber weight). Once the solution was made up, 
it was poured into a ziplock bag containing 20 grams of oven dry CTMP 
pulp. The bag was then sealed and mixed for a few minutes. 
After mixing, the sample was adjusted to a pH of 11.0 and placed in 
a 60 °C water bath for a chosen time interval. Each of the 3 runs were 
bleached six different times for different time intervals. The time intervals 
were: 30, 60, 90, 120, 150 and 180 minutes. After the reaction, the pulp 
was washed and handsheets for brightness were prepared. 
Optimum borate and alkali conditions: 
According to the literature search, borate has never been used as a 
stabilizer in the peroxide bleaching process. Therefore, the addition level 
had to be determined through trial and error. Using the bleaching 
conditions stated above, borate was added to the formulation at 1 %, 3 %, 
5 % and 7 % for a dwell time of 2 hours at 60 °C. The four trials were 
then compared to determine which percentage provided the best optical 
properties. 
The optimum alkalinity to add the borate also had to be determined. 
This was done by adjusting the pH of the pulp and bleaching liquor 
solution to a set pH before placing them in a water bath. The pH values 
were adjusted to a 9 .5, 10.0, 10.5, and 11 .0. The airtight bag which 
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contained the pulp and bleaching chemicals was then placed in a 60 °C 
water bath for two hours. The four trials were then compared to determine 
which percentage provided the best optical properties. 
Residual peroxide determination: 
The residual peroxide concentration of each bleaching trial was then 
determined. This was done by pouring the bleached pulp slurry into a 
buchner funnel and draining the bleach liquor from the pulp by applying 
suction. A sample of 25 mL of this filtrate was placed in a 250 mL 
Erlenmeyer flask along with 10 mL of 25 % H2SO4, 5 mL KI solution, and 
3 drops of ammonium molybdate solution. While agitating with a 
magnetic stirring rod, the solution was titrated with. lN thiosulfate to a 
pale yellow color; 10 mL of starch solution was added and then the 
titration was continued until the blue color disappeared. From here the 
amount of .1 N thiosulfate required to titrate the filtrate to a clear solution 
was put into a formula (can be found in appendix) and the% hydrogen 
peroxide on pulp was derived. 
Handsheet forming: 
The three runs of bleached pulp from each time interval were made 
into handsheets on the British Handsheet former. Four gram handsheets 
were made according to TAPPI standard. These sheets were then air dried 
for 24 hours at standard conditions. Once conditioned, brightness 
opacity and l,a, b values were tested on each handsheet. 
Testing I Data Analysis: 
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The bleaching properties of the three runs were compared based on 
the amount of peroxide consumed in the process, and the rate of reaction 
in the bleaching process. The amount of peroxide consumed in the 
process was determined by the amount of peroxide found in the rinse 
water. The rate of reaction in the bleaching process was determined by 
exposing the pulp to the bleaching chemicals at different time intervals. 
Handsheets were then made from each dwell time of the bleached pulp on 
the British handsheet maker and tested for brightness, opacity and L,a,b 
values. The data was compiled and the 3 runs from each dwell time were 
compared to determine which process had a quicker bleaching reaction 
time. 
Brightness reversion was also determined by placing the finished 
handsheet in an oven at 120 °C for time intervals of 1, 2 and 4 hours. 
This accelerated the aging process and by determining the brightness 
values of the three trials after various time exposures at 120 °C the 
degree of yellowing over time was determined. 
CHAPTERV 
RESULTS AND DISCUSSION 
This study was an attempt to replace sodium silicate in the peroxide 
bleaching process with borate with the objective of determining which 
additive had better optical properties, a quicker reaction rate, a greater 
ability to reduce peroxide decomposition, and a lower degree of brightness 
reversion. 
Statistical Analysis 
In order to confirm that a given set of data was significant to other 
data points, the margin of error was computed for all averaged results. 
This was completed by determining the standard deviation (sigma) for the 
sample group, and then multiplying this sigma value by two. This two 
sigma range resulted in a 95 % confidence interval within which the true 
mean lies. Due to the high probability that the true mean lies within the 
computed confidence interval, a significant deviation in comparison of 
data points can be noted. 
Experimental Results 
Optimum borate addition conditions 
From the preliminary experimental results it was determined that 
the best optical properties were achieved by adding 5 % borate at a pH of 
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11.0 (based on O.D. weight of pulp). The results supporting this are 
shown in table 1 below. 
Table 1 
The Effect of Borate Addition on Brightness Values 






It can be seen from the above results that as the amount of borate 
added to the formulation was increased the brightness value steadily 
increased. This is because borate acts like a buffering agent in the 
peroxide bleaching process. As the amount of borate added to the system 
increased so did the final pH value (reading was taken after removing 
mixture from water bath) of the pulp mixture. By maintaining the 
alkalinity of the system, the addition of borate allowed the solution to 
remain at the pH level required for hydrogen peroxide to release 
per hydroxy ions ( 10. 5) for a longer period of time. These per hydroxy ions 
cause the bleaching of pulp. Therefore, as the amount of perhydroxy ions 
released in the system increased with the addition of borate, so did the 
resulting brightness values. 
Also from the preliminary bleaching trials it was concluded that 
higher optical values were achieved when adding borate (5 %) at higher 
alkalinity values. The results supporting this are shown in Table 2. 
Table 2 
The Effect of Alkalinity Bleaching formulation With Borate Added 
pH value Brightness Value L,a,b value 
9.5 62.54 87.63, -.5, 12.13 
10.0 63.87 88.34, -.58, 11.99 
10.5 64.87 88.45, -.63, 11.49 
11.0 65.2 89.03, -.76, 11.39 
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It can be seen from the above table that the brightness steadily 
increased with the increase of alkalinity. This is as described in the 
literature review before; higher pH values favor the equilibrium toward 
perhydroxyl ion formation. It is accepted that the active mechanism in the 
bleaching of pulp with hydrogen peroxide involves the perhydroxyl ion. 
Therefore, a h igher pH value results in a higher brightness value. 
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Rates of Reaction 
Table 3 shows the results for brightness values achieved for the 
bleaching methods at various dwell times. By bleaching the pulp at 
various dwell times the rate of brightness increase was determined. It was 
clear that the sodium silicate had the quickest rate of bleaching reaction. 
Brightness values increased from 51. 7 to 68.2 after 30 minutes. Thus 
87.28 °/o of the total brightness gain was realized after 10 minutes. The 
bleaching method which used borate took 90 minutes to reach 87.3 % of 
the total brightness gain and the control took 120 minutes to reach 87.3 
% of the total brightness gain. Therefore, it can be concluded that sodium 
silicate had the quickest rate of reaction. 
Table 3 
Rate of Brightness Increase 
Initial 30 min. 60 min. 90 min. 120 min. 180 min. 
Control 51.7 57.02 57.98 58.24 60.43 61.6 
Borate 51.7 60.09 64.29 65.19 66.11 67.20 
sod. Silicate 51.7 68.72 69.1 69.91 70.8 71.2 
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Brightness gain 
By looking at table 3 it can be concluded that the addition of 
sodium silicate to the bleaching process resulted in the highest brightness 
gain. When subtracting the final brightness value after a 180 minute 
dwell time from the original brightness of the CTMP pulp it was 
determined that the gain in brightness was: 19.5 for sodium silicate, 15.5 
for borate and 9. 9 for the control. Therefore, from these results it can be 
concluded that the addition of borate causes an increase in brightness 
value. However, sodium silicate resulted in the largest degree of 
brightness gain with an increase in 19.5 brightness points. 
Hunter Lab 
The results for the Hunter Lab values for the three trials can be 
found in table 4. The Hunter "L" value is a measure of the degree of 
blackness on the negative side, and whiteness on the positive side. It is 
related to the degree of brightening since a pulp which has a high 
brightness is more white than one with a low brightness. 
The Hunter "a" value is a measure of the degree of redness on the 
positive side and greeness on the negative side. The positive side of the 
Hunter b value measures the tendency towards a yellow color while the 
negative side measures the tendency towards a blue color. This color 
space is shown in Figure 1. 
UGHTcR 
Figure 1. Hunter La b Colorspace (2) 
Table 4 
L,a,b Values of 180 Minute Dwell Time 
Lvalue a value b value 
Control 86.81 -.49 12.28 
Borate 89.4 -1.4 11.24 
Sodium Silicate 90.15 -1.77 10.70 
In table 4, the L, a, b values from the 180 minute dwell times were 
compared because they had the highest brightness values. From the 
above data, it is evident that sodium silicate had the highest L response 
2S 
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(91.6). By looking at figure 1 it can be derived that the because sodium 
silicate had the highest L value, the sheet is the lightest in color. Sodium 
silicate also had the lowest "a" and "b" values (-1.77 and 10.70 
respectively). This indicates that the bleaching run which used sodium 
silicate had the lowest degree of redness (indicated by having the lowest a 
value) while having the lowest tendency towards yellowing (indicated by a 
low b value). 
Brightness Reversion 
Brightness reversion was tested on the handsheets by using the 
TAPPI standard procedure: T 260 om-91. In this procedure, the 
brightness of pulp specimens are measured before and after exposure of 
pulp to a temperature of 100 °C oven for various dwell times. It should be 
noted that the oven used in this experiment was at 115 °C instead of the 
traditional 100 °C when measuring the brightness reversion. The samples 
were tested for exposure times of 1 hour, 2 hours, and 4 hours at 115 °C. 
Also, according to TAPPI standards, the results from the brightness 
reversion test can be reported either as brightness of the reverted pulp, a 
percent loss in brightness, or as a Post Color Number. The results from 
this test will be given in percent decrease of brightness value. The results 
for brightness reversion can be found in table 5. 
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Table 5 
Percent Decrease in Brightness Over Time at 115 °C 
1 hour 2 hours 4 hours 
Control 1.87 2.53 3.86 
Borate 3.86 6.53 7.94 
Sodium Silicate 5.45 7.00 7.98 
From the data presented in table 5, it can be concluded that borate 
treated pulp has a lower degree of yellowing due to aging than sodium 
silicate treated pulp. In this manner, thermal yellowing caused by a 115 
°Coven would be slowed down. 
Residual Peroxide 
The results from the residual peroxide decomposition can be found 
in Table 6. By determining the amount of peroxide in the residual bleach 
solution, an indication of peroxide decomposition in the process can be 
derived. The overall goal is to recover as much peroxide from the 
bleaching process as possible. 
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Table 6 
Percent Residual Peroxide 
30 min. 60 min. 90 min. 120 min. 180 min. 
Control 14 11 9 7.5 7.4 
Borate 19 11.2 9.9 9.7 9.5 
Sod. silicate 18.6 17.8 16.5 16.3 15.5 
The results from Table 6 show that sodium silicate had the highest 
percent residual peroxide. The desired percent residual peroxide is 
traditionally between 15 and 20 percent. These data show that sodium 
silicate maintains the percent residual peroxide at the required level. 
However, from these data, borate did not show signs of slowing down 
hydrogen peroxide decomposition. 
CHAPTER6 
CONCLUSIONS 
From the experimental results in this study, several conclusions 
were drawn. They are the following: 
1. The optimum borate addition conditions were concluded to be 5 
% borate (based on oven dry fiber) at a pH of 11.0. 
2. It took 30 minutes for sodium silicate to reach 90 % full 
brightness and it took borate 60 minutes. Therefore, sodium 
silicate had a quicker rate of reaction than borate. 
3. Sodium silicate had a larger brightness gain than borate (sod sil 
= 19.5 points, borate= 15.5 points). 
4. Sodium silicate proved to be the lightest sheet by having the 
highest hunter L value. 
5. Sodium silicate had the lowest degree of redness (indicated by 
having the lowest Hunter "a" value) while having the lowest 
tendency towards yellowing (indicated by having the lowest 
Hunter "b" value). 
6. Pulp treated with borate had a lower degree of brightness 
reversion than pulp treated with sodium silicate. 
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Description Mean Value St. Dev. Variance 
Control 30 min. 57.02 0.26 0.0676 
60 min. 57.98 0.34 0.1156 
90 min. 58.24 0.23 0.0529 
120 min. 60.43 0.36 0.1296 
180 min. 61.2 0.28 0.0784 
Borate 30 min. 60.09 0.41 0.1681 
60 min. 64.29 0.38 0.1444 
90 min. 65.19 0.12 0.0144 
120 min. 66.21 0.24 0.0576 
180 min. 67.2 0.28 0.0784 
Sodium 30 min. 68.94 0.36 0.1296 
silicate 60 min. 69.2 0.45 0.2025 
90 min. 69.91 0 .12 0.0144 
120 min. 70.74 0.37 0.1369 
180 min. 71.7 0.22 0.0484 
Borate (% borate) 
1% 63.53 0.26 0.0676 
3% 65.20 0.12 0.0144 
5% 66.65 0.22 0.0484 
7% 66.72 0.16 0.0256 
Borate (pH Value) 
9.5 62 .54 0.22 0.0484 
10.0 63.87 0.26 0.0676 
10.5 64.87 0.14 0.0196 
11.0 65.20 0.18 0.0324 
Control (oven time @ 120 C) 
60 min. 60.05 0.3 0.09 
120 min. 59.65 0.28 0.0784 
240 min. 58.84 0.16 0.0256 
Borate (oven time @ 120 C) 
60 min. 64.61 0.25 0.0625 
120 min. 62.81 0.29 0.0841 
240 min. 61.86 0.22 0.0484 
Sodium (oven time @ 120 C) 
silicate 60 min. 67.8 0.12 0.0144 
120 min. 66 .68 0.26 0.0676 
240 min. 65.96 0.32 0.1024 
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Hunter Lab 
Description Mean Value St. Dev. Variance 
L a b 
Control 30 min. 84.77 -0.09 12.96 0.26 0.0676 
60 min. 85.18 -0.04 12.7 0.34 0.1156 
90 min. 85.59 -0.18 13.01 0.23 0.0529 
120 min. 86.67 -0.44 12.53 0 .36 0.1296 
180 min. 86.81 -0.49 12.28 0.28 0.0784 
Borate 30 min. 86 .61 -0.58 12.64 0.41 0 . 1681 
60 min. 88.31 -0.91 11.32 0.38 0.1444 
90 min. 88.98 -0.97 11 .7 0.12 0.0144 
120 min. 89.26 -1.13 11.43 0.24 0 .0576 
180 min. 89.4 - 1.4 11 .24 0.28 0 .0784 
Sodium 30 min. 89.46 - 1.53 11 .01 0 .36 0 .1296 
silicate 60 min. 89.81 - 1.62 10.82 0.45 0.2025 
90 min. 90.02 -1.68 10.8 0.12 0.0144 
120 min. 90.12 - 1.71 10.76 0.37 0.1369 
180 min. 90.15 - 1.77 10.70 0.22 0.0484 
Borate (% borate) 
1% 88.24 -0.6 12.01 0 .26 0 .0676 
3% 88.98 -0.94 11.4 0 . 12 0.0144 
5% 89.3 -1.38 11 .32 0.22 0.0484 
7% 89.4 - 1.4 11 .2 0 .16 0.0256 
Borate (pH Value) 
9.5 87.63 -0 .5 12.13 0 .22 0.0484 
10.0 88.34 -0.58 11.99 0 .26 0 .0676 
10.5 88.45 -0.63 11.49 0.14 0 .0196 
11.0 89.03 -0.76 11 .39 0.18 0.0324 
Control (oven time) 
60 min. 86.67 -0.44 12.53 0.3 0.09 
120 min. 86 .52 -0.38 12.66 0.28 0.0784 
240 min. 85.58 -0 .18 13.01 0 . 16 0.0256 
Borate (oven time) 
60 min. 88.41 -0.92 11.82 0 .25 0 .0625 
120 min. 86 .92 -0.42 12.12 0 .29 0 .0841 
240 min. 86.87 -0.47 12.43 0 .22 0 .0484 
Sodium (oven time) 
silicate 60 min. 89.4 - 1.4 11.24 0 .12 0 .0144 
120 min. 89.26 -1.13 11.41 0.26 0 .0676 
240 min. 89.16 -1.15 11.45 0.32 0.1024 
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Percent Residual Peroxide 
Control 30 min. 14 % 
60 min. 11 % 
90 min. 9% 
120 min. 7.5 % 
180 min. 7.4 % 
Borate 30 min. 19 % 
60 min. 11.2 % 
90 min. 9.9 % 
120 min. 9.7 % 
180 min. 9.5 % 
Sod. 30 min. 18.6 % 
silicate 60 min. 17.8 % 
90 min. 16.5 % 
120 min. 16.3 % 
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Figure 4 - Percent Decrease in Brightness Over Time 
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Residual Peroxide Determination 
Calculations: 
• % H202 on pulp = mL of .1 N thiosulfate X consistency constant. 
• Residual as % of applied = % residual on pulp x 100 
% H202 X 100 
Derivation of Calculations: 
42 · 
0.1 (normal thiosulfate) X 17 {equiv. H202) x 100-D x L x mL thio. 
25 mL (sample size) D 10 
= .0068 x 100-D x mL thio. 
D 
Where 
D = pulp consistency,% od. 
• 
